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FOREWORD 

i 

e n t  i s  submitted i n  p a r t i a l  f u l f i l l m e n t  
of Contract This doc% P 3-64-865 f o r  t he  pe r iod  1 October 1964 
t o  1 January 1965. The c o n t r a c t  sponsor i s  the  
National Cancer I n s t i t u t e ,  i n  cooperation wi th  the  
N a  t i onal  -c_and_~73 ace Administration, Office 
of Technology U t i l i z a t i o n .  
monitored by: 

The program i s  bz ing  

Dr. Hans L.  Falk, Chief 
Carcinogenesis S tudies  Branch 
National Cancer I n s t i t u t e  

Five advance copies of t h i s  r e p o r t  were s e n t  on 
21 January to:  

I. 
Contracting Off icer  
Re search Contracts Sec t ion  
Supply Management Branch 
Na t i onal I n s t i t u t e s  of Health 
Bethesda, ~ a r y l a n ? ,  20014 

The p resen t  document i s  i d e n t i c a l  t o  the advance r e p o r t  
except f o r  minor e d i t o r i a l  changes. The da ta ,  however, 
a r e  prel iminary and are s u b j e c t  t o  f u r t h e r  checking and 
v e r i f i c a t i o n .  

The fol lowing personnel conducted the  experiments 
d i scussed  i n  t h i s  report:  Margaret S. Heimer, B.S., 
M. W e l l  Hobbs, B.S., E.S. Meinert, David Norman, Ph.D., 
R. G a i l  Otte, Marilyn M .  Rawlings, B.S., Robert D. 
Schultz ,  Ph.D., Norman Spiere ,  B.S., C .  W i l l i a m  S t ee r s ,  
and Richard A .  W i l l i s ,  D.V.M. 
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I. CYTOTOXIC 

POSSIBLE INTERFERENCE WITH 

EFFECTS OF PLANT GROWTH REGULATORS ON 
ASCITES TUMORS, I N  VITRO 

AN ONCOGENIC VIRUS-HOST CELL IT\ITERACTION 

We have r e p o r t e d l t z  t h a t  aqueous suspensions of c e r t a i n  a l k y l  e s t e r s  of 
a n  endogenous p l a n t  growth hormone, t h e  auxin indo ly l -3 -ace t i c  a c i d  ( I A A ) ,  are 
l e t h a l  t o  f r e e  c e l l s  of t h e  Ehr l i ch  a s c i t e s  carcinoma i n  v i t r o .  I n  t h e s e  
e a r l y  experiments, IAA, by i t s e l f ,  p r o t e c t e d  t h e s e  c e l l s  from e a r l y  death; 
however, a mixture of IAA and i t s  e t h y l  es ter ,  IAFt, k i l l e d  t h e  tumor c e l l s  

0 0 0y-j- C H 2 - C - O H  II 

H 

I A  A lAEt 

more r a p i d l y  than  d i d  I A E t  a lone .  The s y n t h e t i c  p l a n t  growth hormone 
naphthyl-1-acetic ac id ,  NAA, and i t s  methyl e s t e r ,  NAMe, a f f e c t  t h e  E h r l i c h  
c e l l s  i n  a manner analogous t o  t h a t  o f  IAA and I A E t .  These f ind ings  suggest 

0 
C H 2 - C - O H  l 

II 

N A A  NAMe 

t h a t  n a t u r a l  o r  s y n t h e t i c  p l a n t  growth hormones i n t e r a c t  w i th  a biochemical 
system i n  t h e s e  animal cancer c e l l s  t h a t  i s  similar t o ,  i f  not i d e n t i c a l  with,  
a system involved i n  t h e  growth con t ro l  of p l a n t  c e l l s .  To our knowledge, 
however, normal mature animal c e l l s  are r e l a t i v e l y  i n s e n s i t i v e  t o  t h e s e  p l a n t  
growth hormones. We t h e r e f o r e  speculated t h a t  t h e  g e n e t i c  information t h a t  
pe rmi t s  a neop las t i c  animal c e l l  t o  respond t o  auxins o r  auxin analogues i s  
contained wi th in  t h e  genome of a masked oncogenic v i r u s  ( i . e . ,  w i th in  a 
p r o v i r u s  ) . 

Accordingly, we searched t h e  l i t e r a t u r e  for known a n t i v i r a l  agents  t h a t  
are r e l a t e d  t o  known p l a n t  growth r e g u l a t o r s  or s e l e c t i v e  h e r b i c i d e s .  We 
l ea rned  t h a t  n-butyl i oxy la t e ,  the n-butyl  es ter  of t he  s e l e c t i v e  he rb i -  
c i d e  4-hydroxy-3,5-diiodobenzoic ac id  ( i o x y l ) 3  i n h i b i t s  t h e  growth of 

The p a r e n t  compound, ioxyl ,  has no such a n t i v i r a l  a c t i v i t y  when t e s t e d  i n  
t h e  form of i t s  sodium s a l t .  
c y t o c i d a l  a c t i v i t y  by n-butyl  i ndo ly l -3 -ace ta t e ,  IABu(n), and the  l a c k  of such 

i n f l u e n z a  v i r u s  i n  deembryonated eggs o r  i n  minced c h o r i o a l l a n t o i c  membrane 4 . 
By analogy with our  observations* of t he  

- 1 -  
SID 65-79-2 
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I 

H O O  !-OH 

I 

I 

HO 0 &- 0-CH2- C H2 - CH2-C H3 

I 

n - B u t y l  loxylate loxyl  

a c t i v i t y  by t h e  parent  compound, IAA, a g a i n s t  t h e  E h r l i c h  a s c i t e s  carcinoma, 
it seemed l i k e l y  t h a t  n-butyl i o x y l a t e  would k i l l  f r e e  c e l l s  of t h i s  tumor &I 
v i t r o  and t h a t  ioxyl ,  i t s e l f ,  would have l i t t l e  or no such c y t o c i d a l  a c t i v i t y .  
We have confirmed t h i s  p r e d i c t i o n  (Table 1); our experimental  techniques are 
desc r ibed  on page 7. 

Table 1. Cytocidal  E f fec t  of A n t i v i r a l  Compounds and Related Auxin Analogues 
Against Free C e l l s  of t h e  Ehr l i ch  Asci tes  Carcinoma, I n  V i t r o  a t  37 C 

Drug Concen- 
t r a t  ion 
(P*g/d ) 

C e l l  M o r t a l i t y  
Experiment 

.NO. 
- 
1 h r  2 h r  1 4  h r  Test  Compound Solvent * 

1-Hydroxy-3,5-diiodo- 
benzoate n-butyl  
es ter  (n-Butyl 
i o x y l a t e  ) 

1,2-P 

DMS 0 

50 
IO 

100.0 
15.0 

25.0 
40.0 

12 .0  
3.0 

2 .0  
4.0 

80.c 
53.c 

75 *O 

41.0 

5.c 
5 .5  

50 
10 

50 
I 0 

I-Hydroxy-3 ,F-diiodo- 
benzoic a c i d  ( Ioxy l )  

DMSO 

1,2-P 50 
10 

(-methyl isat in-p- 
t h i  osemi carbazone 
(Me t h  i sa zone ) 

DMSO 

DMSO 

50 
10 

10 

Ml42509 

~ 1 5 6 6 2 2  

2 .0  

~ 

lethisazone + 
L- tryptophan 

~~ 

1 sat  in- p- t h io  s e m i -  
carbazone (Isazone)  

DMS 0 10 + 100 ~ 1 5 6 6 2 2  

DMSO 50 
10 

Ml42509 2 . 5  

C1,2-P = l y2 -p ropaned io ly  DMSO = dimethylsulfoxide 

- 2 -  
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For tumor chemotherapy in mice, n-butyl ioxylate may be too toxic. In 
the hope of reducing toxicity without diminishing tumorcidal activity, we are 
arranging for the synthesis and testing of the t-butyl, chlorinated, analogue 
of n-butyl ioxylate. 

CI CH3 

t -Butyl  Chloroxylate 

Another antiviral drug, methisazone (also known as Marboran), the 
thiosemicarbazone of n-methyl isatin, has recently received much publicity. 

S a-,;o~ - ; - c It - N H 

I 

Met hisazone 
- 

At a conference on nntiviral s1-1.bstances; D. J. Bauer5 reported that 
methisazone, at 20 p M, inhibits the multiplication cycle of the vaccinia 
virus in HeLa cells and, when administered orally to humans, appears to be an 
effective prophylaxis or treatment for infections by vaccinia and smallpox 
viruses. 
and coworkers, of the activity of benzaldehyde thiosemicarbazone against 
vaccinia infection. Methisazone is structurally related to a large number of 
thiosemicarbazones that both inhibit the multiplication of Mycobacterium 

6 tuberculosis (var. hominis H37Rv) and regulate growth (e .g., stimulate 
flowering) when tested on canes of Thompson seedless grapes (Vitus vinifera) . 
Two such compounds are 2,h.-dichlorobenzaidehyde thiosemicarbazone (2,k-DBTSC ) 
and 2-hydroxy-1-naphthaldehyde thiosemicarbazone (HNATSC) . 

Bauer ' s  work is based on the observation, made originally by Hamre 13 

S 
II 

N - N - C - N H ~  
II H 
CH - 

S 
II 

C l /  \ C=N-N-C-NH2 
O H  H 

aoH 
CI 

2 ,4 -DBTSC HNATSC 

- 3 -  
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The reader will note the respective relationships of these compounds to 
the synthetic auxin-type plant growth hormones 2,4-dichlorophenoxyacetic acid 
( 2 , 4 - D )  and naphthyl-1-acetic acid (NAA). The reader will also note the 

0 
II 

0 - C H 2 - C - O H  

C I  

2,4-D 

relationship of methisazone, itself, to the endogenous plant growth regulator 
IAA, to its ester IXEt, and to 3-methylene oxindole, a riboflavin-photo- 
oxidation product of IAA that inhibits the growth of some bacteria (e.g., 
- -  S. pombe. and E. c o l i ) ,  the growth of tamato root tips, and the germination of 
pea seeds7. Tgble 1 indicates that methisazone has a cytocidal effect similar 

H 
3- Methylene Oxindole 

to the alkyl auxin esters against free cells of the Ehrlich ascites carcinoma - in 
vitro. 
is reported. ) 

the substituent on its indolylic nitrogen group8; activity increases in the 
homologous series H < C H ~ < C ~ H S .  
cytocidal activity against free Ehrlich ascites cells than its unmethylated 
homolog, isatin- p -thiosemicarbazone (isazone), and ethisazone, the ethyl 

(In Section I1 the acute in vivo turmorcidal activity of methisazone 

The antiviral action of an isatin thiosemicarbazone can be influenced by 

By analogy, methisazone should show greater 

S 

H 

lsatone 

S 

CH2CH3 

Et hisatone 

homolog of methisazone, should show even greater activity. 
diction is confirmed by h t a  in Table 1; the second prediction will be tested 
as soon as a supply of ethisazone becomes available. 

The first pre- 

Tables 1 and 2 demonstrate that L-tryptophan inhibits the cytocidal 
activity of both methisazone and the alkyl amin esters 
cells. 
cytocidal action of these compounds. 

against the Ehrlich 
This phenomenon suggests that a common site is involved in the 

- 4 -  
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*IABu(t) = t-Butyl indolyl-3-acetate 
IAA = Indolyl-+acetate 
L-TP = L-tryptophan 
IAEt = Ethyl indolyl-3-acetate 
1,2-P = 1,2-Propanediol 
DMSO = Dimethylsulfoxide 

Table 2. Synergism or Inhibition by Indolyl Compounds of the Cytocidal 
Effect of Auxin Esters Against Free Cells of the Ehrlich Ascites 

Carcinoma, In Vitro at 37 C -- 

Test Compound* 

IABu(t) 
IABu(t) + IAA 
IABu(t) + L-TP 
IABu ( t ) 
IABu(t) + IAA 
IABu(t) + L-TP 
IABu(t) 
IABu(t) + 1-4A 
IABu(t) -t L-TP 
IABu ( t ) 

IABu(t) + L-TP 
IABu(t) 
IABu(t) + IAA 
IABu(t) + L-TP 
IABu ( t ) 
IABu(t) + IAA 
IABu(t) + L-TP 
IABu( t ) 

IABu(t) + L-TP 
IABu ( t ) 
IABu(t) + IAA 
IABu(t) + L-TP 
IABu(t) 
IABu(t) + IAA 
IABu(t) + L-TP 

IABu ( t ) 
IABu(t) + IAA 
IABu(t) + L-TP 
IABu(t) 

IABU($) + IAA 

IAGu(t) + IFLA 

L- TP 

Solvent * 

~~~~~ 

Drug Concen- 
tration 
(PdniL) 

1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 

DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 

m e  

5 
5 + 50 
5 + 100 

3 
3 + 50 
3 + 100 
3 

3 + 50 
3 + 100 
5 

5 + 50 
5 + 100 
5 

5 + 50 
5 + 100 
3 

3 + 50 
3 + 100 

3 
2 2 + 50 
3 + 100 
5 

5 + 50 
5 + 100 
3 

3 + 50 
3 + 100 
100 
5 

5 + 50 
5 + 100 
10 
50 

Experiment 
No. 

- 5 -  
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Table 2.  Synergism o r  I n h i b i t i o n  by Indo ly l  Compounds of t h e  Cytocidal 

Carcinoma, I n  Vi t ro  a t  37 c (Cont) 
Ef fec t  of Auxin Es te r s  Against  Free Ce l l s  of t h e  Ehr l ich  Asc i tes  

-- 

Test  Compound* 

I A E t  
I A E t  + IAA 
IAEt + L-TP 
I A E t  
I A E t  + L-TP 
I A E t  + IAA 
IAA 
I A E t  
I A E t  + IAA 
I A E t  + L-Tp 
IAEt 
I A E t  + IAA 
IAEt + L-TP 
IAA 
I A E t  
IAEt + IAA 
I A E t  
I A E t  + L-TP 
IAEt + IAA 
L-TP 
IAA 
IAEt 
IAEt + IAA 
IAEt + L-TP 
IAEt 
I A E t  + IAA 
IAEt + L-TP 
IAA 
L- TP 
IAEt 
IAEt + IAA 

Solvent * 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 
1,2-P 

Drug Concen- 
t r a t  i on 
( t 4 m . J -  1 

100 
100 + 50 
100 + 100 
100 

100 + 100 
100 + 50 

50 
100 

loo + 50 

100 + 50 

100 + 100 
100 

100 + 100 
50 

100 
100 + 50 

100 
100 + 100 
100 + 50 

100 
50 

100 
LOO + 50 
100 + 100 

100 
100 + 50 
100 + 100 

50 
100 
100 

100 + 50 

~ ~ 

Experiment 
No. 

C e l l  Mor ta l i t y  

1 h r  

1 6 . 0  
1 . 5  

10.0 

27.0 
17.0 
1 2  . o  
1 .0  

1 3  .O 
23 .o 

30.0 
39.0 
18 .0  

2.0 
2 .0  

30.0 
12  .o  

2 h r  

20.0 
1 2  .o 

7.0 

4 h r  
__ 

42 .O 
21.0 
21.0 
24 .0  

14 .0  
1 9 . 0  

2 .6  
16 .0  
100.0 
1 3  .o 

1 2  .o 
4 .0  
3 .O 
1 . 0  
3 -0 

22.0 
100.0 
10.0 

tIABu(t) = t -Butyl  i ndo ly l -+ace ta t e  
IAA = Indolyl-3-acetate  
L-TP = L-tryptophan 
I A E t  = Ethyl  indoly l -3-ace ta te  
1,2-P = 1,2-Propanediol 
DMSO = Dimethylsulfoxide 
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The mechanism by which t h e  i s a t i n  thiosemicarbazones i n h i b i t  v i r a l  mu l t i -  
p l i c a t i o n  i s  as y e t  unknown. 
r e a c t i o n s  i n  HeLa c e l l s  i n f e c t e d  with t h e  vacc in i a  v i r u s  are unhindered by the 
presence of  isazone, except f o r  t he  f i n a l  assembly of i n f e c t i o u s  virus. This  
s i t u a t i o n  permits isazone t o  a c t  chemotherapeutically i n  an  i n t e r e s t i n g  manner, 
s i n c e  t h e  drug al lows t h e  pox v i rus  t o  des t roy  t h e  i n f e c t e d  c e l l  bu t  prevents  
t h e  v i r u s  i t se l f  from mul t ip ly ing .  According t o  Appleyard, Hume, and 
Westwoodlo, bo th  DNA-dependent RNA syn thes i s  and p r o t e i n  syn thes i s  are 
e s s e n t i a l  t o  t h e  a n t i v i r a l  a c t i o n  o f  isazone.  
DNA i s  unaffected,  t h e  drug does prevent t h e  formation of at  least fou r  
so lub le  v i r a l  an t igens  normally synthesized la te  i n  t h e  v i r a l  growth cyc le .  
This l eads  us t o  specu la t e  that methisazone k i l l s  a n  E h r l i c h  c e l l  bypreven t -  
i ng  t h e  formation of c e r t a i n  s p e c i f i c  p r o t e i n s , p o s s i b l y  enzymes, whose 
syn thes i s ,  a l though v i t a l  t o  t h e  l i f e  of t h e  c e l l ,  is  d i r e c t e d  by information 
coded i n  t h e  genome of a hidden v i rus  (i .e., the oncogenic p rov i rus ) .  
ce ivably ,  a l k y l  auxin esters, such as IAEt and IABu(t), d e s t r o y  E h r l i c h  c e l l s  
by a similar mechanism. 

Magee and Bach 9 conclude t h a t  most k n m  

Although t h e  syn thes i s  of v i r a l  

Con- 

SYIEBGISM OR INHIBITION BY INDoLn COMPOUNDS 

Table 3, which summarizes t h e  data from Table 2, shows t h a t  L-tryptophan 

H 

L-Tr y p t o phan 

c o n s i s t e n t l y  i n h i b i t s  t h e  cy toc ida l  a c t i o n  of IAEt and IABu( t )  a g a i n s t  free 
c e l l s  of t h e  E h r l i c h  a s c i t e s  carcinoma, i n  v i t r o ,  and t h a t  IAA p o t e n t i a t e s  
t h i s  cy toc ida l  a c t i o n  i n  some tests and i n  o the r s  has a p r o t e c t i v e  effect on 
t h e  tumor c e l l s .  

The procedures f o r  a l l  i n  v i t r o  tests d iscussed  i n  t h i s  r e p o r t  are 
summarized below: 

Tumor c e l l  suspension. Ehrlich a s c i t e s  carcinoma from Webster white  Swiss 
mice was harves ted  a f t e r  7 t o  10 days and d i l u t e d  1:lOOO. 

Medium. 
Labora to r i e s ) ,  t o  which glutamine, NaHCO3, was added, and t h e  
mixture was t r e a t e d  wi th  s u f f i c i e n t  C Q  t o  e s t a b l i s h  pH 7.0. 

The medium was prepared from d r i e d  F i s h e r  V-614 (Difco 

Incubat ion.  A 5-A a l i q u o t  of  tes t  compound, d i sso lved  i n  either 
dimethylsulfoxide (DMSO) o r  i n  1,2-propanediol (1,2-P), was 
introduced i n t o  a deep w e l l  slide; a O.3-ml a l i q u o t  of t h e  tumor 
c e l l  suspension was added at zero t i m e ;  and t h e  slide, sea l ed  wi th  
Scotch cellophane t ape ,  was immediately p laced  i n  an  incubator  
maintained a t  37 C .  

- 7 -  
SID 65-79-2 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INEWRMATION SYSTEMS DIVISION 

C e l l  counts.  After a given incubat ion per iod,  s l ides  were removed, 
t h e  t e s t  compounds were d i l u t e d  w i t h  e o s i n  or n ig ros in ,  and c e l l s  
were counted w i t h  micrometer counting d i s c s .  An a b i l i t y  t o  resist  
s t a i n i n g  was taken as evidence of v iab i l i ty .  (The s u p e r i o r i t y  of 
phase-contrast  microscopy i n  t h e  determinat ion o f  c e l l  v i a b i l i t y  i s  
d i scussed  on pages 9 and 10. 

Table 3 .  Summary of Experiments on t h e  Synergism o r  I n h i b i t i o n  by I n d o l y l  
Compounds of the Cytocidal  E f f e c t  of Auxin E s t e r s  Against Free C e l l s  of t h e  

Ehr l i ch  Asc i t e s  Carcinoma, I n  Vi t ro  a t  37 C -- 

I ndolyl  
Compound Solvent 

I A A  (50 pg/ml) DMSO 

1,2-P 

L-tryptophan DMSO 

1,2-P 
( 100 P g/ml) 

Symbols : 

R = I n h i b i t s  IAEt 

E f f e c t  on Cytocidal  A c t i v i t y  of Auxin Ester 

IAEt (100 pg/ml) - 
1 h r  

3m 

SR 

RR 

R 

2 h r  

R 

R 

4 h r  

RRS 

R s  

RRR 

m 

1 h r  2 h r  

= E t h y l  indolyl-3-acetate  
S = Synergizes 
0 = No e f f e c t  

IABu(t) = t -Bu ty l  indolyl-3-acetate  I 

4 h r  1 h r  2 h r  4 h r  

RR R os 

0 S 

RO R R3 

DMSO = Dimethylsulfoxidc 
1,2-P = Propanediol 

CYTOCIDAL ACTIVITY OF RADIATION-PROTECTIVE AUXIN ANALOGUES AND RELATED 
COMPOUNDS 

We previously reported1’ t h a t  2,4,5-trichlorophenoxyethanol (2,4,5-TOH), 
t h e  c a r b i n o l  analogue of  t h e  s y n t h e t i c  p l a n t  growth hormone and selective 
he rb ic ide  2,4,5-trichlorophenoxyacetic a c i d  (2,4,5-T), p r o t e c t s  h e a l t h y  mice 

CI  

CI \ O - C H r C H 2 0 H  0 
CI 

CI 0 
II 

0 - C H 2 - C - O H  

C I  

2,4,5 - TO H 2 , 4 , S - T  

a g a i n s t  normally l e t h a l  doses of cobalt-60 gamma r a d i a t i o n ,  and t h a t  t h e  
effective concentrat ion of  2,4,5-TOH (150 t o  200 mg/kg) i s  l e t h a l  i n  -- v i t r o  t o  
f ree  c e l l s  of t he  E h r l i c h  carcinoma. We have r e c e n t l y  seen t h i s  r a d i a t i o n -  

- 8 -  
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Table 4. Cytocidal Activity of Radiation-Protective Auxin Analogues and 
Related Compounds Against Free Cells of the Ehrlich Ascites Carcinoma 

In Vitro at 37 C -- 

Cone ent rat ion 
Test Compounds 

Naphthyl-1-acetamide 

2- (1-Naphthyl) ethanol 

2,4,5-Trichlorophen- 
oxyethanol (2,4,5-TOH) 

t-Butyl 2,4,5- 
trichlorophenoxy- 
acetate (2,4,5-TBu(t)) 

50 
10 

50 
10 

50 
10 

50 
10 

Solvent : Dimethylsulfoxide 
Experiment No. : ~~44866 

Cell Mortality 

1 hr 

3 .O 
3.0 

7.5 
2.5 

20.0 
15 .O 

100.0 
100.0 

!rcent ) 
2 hr 

3.6 
4.0 

40.0 
2.5 

10.0 
6.0 

4 hr 

45 .O 
2 .o 

85.0 
5 .o 

100.0 
90.0 

protective agent k i l l  free cells of the following additional ascites tumors 
in vitro: mast cell ~815, lymphoma ~388, leukemia L-1210, leukemia L-l210AR, 
\amethopterin resistant), and inyeloid leukemia C-lkg8, 7- 

However, cytocidal activity and radiation protection are not directly 
related. 
the Ehrlich ascites carcinoma of 2,4,5-TOH; 2,4,5-TBu(t) = t-butyl 2,4,5- 
tri chlorophenoxyacetate; 2- (1-naphthyl ) ethanol; and naphthyl-1-ace tamide . 

Table 4 shows the significant in vitro cytocidal activity against 

0 II y 3  
O-CH2-C-O-C-CH3 

I 
CI CH3 

2 - ( I - Naph t hyl) Etha no1 2 , 4 , 5 - T  Bu(t) 
Of these compounds, 2,4,5-TOH shows good radiation-protective ability in 
mice; preliminary data indicate that naphthyl-1-acetamide provides marginal 
protection and that naphthylethanol and 2,4,5-TBu(t) provide none. Data on 
these effects will be presented in the next quarterly progress report. 

EFFECTS ON CELL MORPHOL0II-k' 

Free Ehrlich ascites carcinoma cells treated in vitro with some plant 
auxin analogues were subjected 50 phase-contrast microscopy with the aid of an 
A . O .  Spencer Phasestar Microscope L6TG-Ph. The morphological changes produced 
in these cells are summarized as follows: 

a 
- 9 -  
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Drug Appearance of Cells 

t -Butyl indolyl-3 - a c e t a t e  Live c e l l s  have a ha lo  around the  i n s i d e  of  
t h e  cytoplasmic membrane; dead c e l l s  appear 
grey and have no ha lo .  I n c l u s i o n s  are 
gathered around t h e  nucleus.  
i s  d i s t i n c t ,  o f t e n  appearing t o  be surrounded 
by a t h i c k  nuc lea r  membrane. 

o~j- CH2-C -O-C-CH3 

b l i s t e r s ,  uniformly dark i n  co lo r  and of'ten 
H CH3 containing mitochondria, are p r e s e n t  on t h e  

c e l l s .  

( 1 A B l - W )  

YH3 

I 

The nuc lea r  area 

Mul t ip l e  

0 
I I  

2,4,5 -Tr  i c h l o r  ophen ox ye t hanol 
(2,4,5-TO@ 

C l b  

C I  

0-CH2- CH2 O H  

0 - C H 2 - C H 2 0 H  

Naphthyl-1-ace tamide 

0 
II 

CH*-C- N H ~  
I 

Live c e l l s  have t h e  h a l o  descr ibed above. 
There seem t o  be t h r e e  types of  dead c e l l s ,  
i n  a l l  of which i n c l u s i o n s  are gathered around 
what appears t o  be the  nucleus.  The first has 
no halo and i s  very dark; it appa ren t ly  con- 
sists of t h e  nuclear  a r e a  without cytoplasm. 
I n  t h e  second t h e  cytoplasm i s  l i g h t  gray, 
and t h e  nuc lea r  area sometimes appears t o  have 
a halo,  although t h e  cytoplasm does n o t .  The 
t h i r d  type, which has  blisters con ta in ing  
mitochondria, has no halo; t h e r e  i s  seldom 
more than  one b l i s t e r  p e r  c e l l .  A well-  
def ined nuc lea r  area i s  s i t u a t e d  a t  t h e  side 
of t h e  c e l l .  

The nuclear  area i s  very b r i l l i a n t  and 
granular ;  many vacuoles appear t o  be p r e s e n t .  
A f e w  of  t h e  c e l l s  have blisters,  w i t h  
mitochondria gathered around t h e  o u t e r  edge. 
I n  nonb l i s t e red  c e l l s ,  it i s  o f t e n  impossible 
t o  d i s t i n g u i s h  between t h e  nuclear  area and 
t h e  cytoplasm. 

The d e n s i t y  of damaged c e l l s  i s  appa ren t ly  
decreased s i n c e  they  f l o a t  t o  t h e  t o p  l a y e r  
of t h e  incuba t ion  medium. (Normal c e l l s  
s e t t l e  t o  t h e  bottom.) The damaged c e l l s  
gene ra l ly  appear  t o  be round w i t h  h a i r - l i k e  
p ro jec t ions ,  and t h e  cytoplasm appears some- 
what more g ranu la r  t han  i n  un t r ea t ed  c e l l s .  

I n  f u t u r e  i n  v i t r o  s t u d i e s ,  counts of c e l l  damage and dea th  w i l l  be 

We have data showing t h i s  technique t o  be 

-- 
determined c h i e f l y  by t h i s  phase-contrast  microscopic technique wi th  t h e  a i d  
of A.O. b r i g h t l i n e  hemocytometers. 
more accu ra t e  that  t h e  dye exclusion method w e  have been Using. 

- 10 - 
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EFFECTS ON CELLULAR RESPIRATION 

IABu(t), a t  200 pg/ml, markedly i n c r e a s e s  t h e  rate o f  oxygen uptake of 
f ree  E h r l i c h  a s c i t e s  c e l l s .  I n  one t e s t ,  t h e  treated c e l l s  consumed an 
average of 2.5 times as much oxygen as t h e  con t ro l s ,  du r ing  t h e  f i rs t  
60 minutes of exposure t o  t h e  drug (Figure 1). However, t h e  rates are e r r a t i c ;  
note  t h e  near-normal consumption rate at  50 minutes. 
i n  a convent ional  Warburg manometer, on an a s c i t e s  tumor d i l u t e d  l:3 wi th  t h e  
medium desc r ibed  previously.  
s o l u t i o n  i n  DMSO. 
one pe rcen t .  
60 minutes was only about t e n  percent,  for t h i s  re la t ively und i lu t ed  tumor. 
The data i n  Figure 1 f o r  bo th  t h e  drug-treated and t h e  c o n t r o l  c e l l s  were 
co r rec t ed  t o  compensate f o r  t h e  c e l l  m o r t a l i t y  a t  each t i m e  of measurement. 

The t e s t  w a s  c a r r i e d  out 

The drug w a s  added t o  t h e  Warburg f l a s k  as a 
The f i n a l  concentrat ion of DMSO i n  t h e  f l a s k  w a s  about 

C e l l  m o r t a l i t y  f o r  t h e  d rug- t r ea t ed  tumor a t  t h e  end of 

24 

c 

5 20 

0 .- 
> 

0 
00 

‘T 
w 8  
0 

Temperature: 37 C 
L 

I A B u  (t)  
+Vehicle (DMSO) 

Vehicle (DMSO) 

T ime (Min) 

Figure 1. St imula t ion  by IABU(t) of 02 Uptake by Ehr l i ch  Ascites Cells 
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11. CYTOTOXIC EFFECTS OF PLANT AUXIN ANALOGUES ON 
ASCITES TUMORS, I N  VIVO -- 

EFFECT OF I N J E C T I O N  VEHICLE ON TUMORCIDAL A C T I V I T Y  

The tumorcidal p r o p e r t i e s  of  IABu(t) ,  i n  male Webster white Swiss mice 
bear ing t h e  Ehrl ich a s c i t e s  carcinoma, vary g r e a t l y  i n  d i f f e r e n t  i n j e c t i o n  
veh ic l e s .  A comparison of  four  veh ic l e s  fol lows.  

Previously,  w e  were ab le  t o  demonstrate12 a two- t o  t h r e e - f o l d  inc rease  
i n  s u r v i v a l  time of t h e  tumor-bearing mice when a s i n g l e  0.5 mg/g dose of  t h e  
drug was i n j e c t e d  i n t r a p e r i t o n e a l l y ,  24 hours a f t e r  tumor implantat ion,  as a 
suspension of 1 0  mg/ml i n  a veh ic l e  c o n s i s t i n g  o f  d i s t i l l e d  water containing 
Tween-20 a t  5 pl /ml ,  Myvacet ( i . e . ,  d i s t i l l e d  a c e t y l a t e d  monoglycerides) a t  
25 mg/ml, and 1,2-propanediol a t  27 B l / m l .  However, an i . p .  i n j e c t i o n  of 
t h e  drug i n  cottonseed o i l  w a s  found t o  have no e f f e c t  on the  tumor. 

Recent i nves t iga t ion  has ind ica t ed  t h a t  t r i t u r a t e d  suspensions of IABu(t) 
i n  gum a r a b i c  a re  t o t a l l y  devoid of  any tumorcidal a c t i v i t y  i n  chronic i n  vivo 
experiments. Furthermore, tumor-bearing animals given t h i s  gum a r a b i c  t r i t u -  
ra te  a c t u a l l y  survived a s h o r t e r  t ime than  noninjected c o n t r o l s .  
-- i n  vivo experiments, t h i s  gum a r a b i c  t r i t u r a t e  o f  IABu(t) showed no cy toc ida l  
a c t i v i t y  aga ins t  a week-old Ehr l i ch  a s c i t e s  tumor within two hours fol lowing 
an i . p .  i n j e c t i o n  of  a 0.5 mg/g dose. 

-- 
I n  acu te  

I n  c o n t r a s t ,  an i . p .  i n j e c t i o n  of  a similar dose of  IABu(t) ,  suspended 
i n  our  new standard veh ic l e ,  completely destroyed tumor c e l l s  w i th in  t h e  
p e r i t o n e a l  cav i ty  two hours a f t e r  i n j e c t i o n .  
i n  d i s t i l l e d  water,  a r e :  

Dimethylsulfoxide (DMSO) 
1 , 2-Propanediol (1 , 2-P ) 
Tween-20 

The components of  t h e  v e h i c l e ,  

2.5 percent  
5.0 percent  
1 . 0  percent  

Figure 2 shows the  g ross  appearance of mice t h a t  received such an i n j e c t i o n  
24 hours af ter  the  i . p .  implantat ion of approximately 5 x lo6 free c e l l s  of 
t h e  Ehr l i ch  a s c i t e s  carcinoma. A considerable  d i f f e rence  i n  weight between 
t h e  drug-treated and t h e  un t r ea t ed  c o n t r o l  group i s  ev iden t .  Each group 
cons i s t ed  of 20 mice. A t  1 5  days a f t e r  tumor implantat ion,  when t h e  photo- 
graph w a s  taken,  t h e  c o n t r o l  animals had an average weight of 42+2 grams; t h e  
drug-treated group averaged only 28+2 grams. A l l  mice i n  t h i s  experiment 
were of  t h e  same age, t h e  same s t r a i n  (male Webster white Swis s ) ,  and had 
an i n i t i a l  body weight of 21+1 grams. The un in jec t ed  animals had about 6 t2  cc 
of a s c i t e s  tumor d ra inab le  from t h e  p e r i t o n e a l  c a v i t y ;  t h e  drug-treated mice 
had only about 0.5t0.5 cc of  t h e  tumor. 

Dimethylsulfoxide was chosen as a v e h i c l e  i n g r e d i e n t  because of i t s  we l l -  
known a b i l i t y  t o  inc rease  c e l l u l a r  permeabi l i ty .  
veh ic l e  had been observed t o  speed t h e  disappearance of IABu(t) from t h e  
p e r i t o n e a l  cavi ty ,  a phenomenon which would t end  t o  decrease t h e  e f f e c t i v e n e s s  

The presence of DMSO i n  t h e  
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of t h e  drug a t  the  primary s i t e  of t h e  k r l i c h  a s c i t e s  carcinoma. However, 
we expected t h a t  i N F 3  -aould more than compensate f o r  t h i s  phenomenon by 
inc reas ing  the  r a t e  of uptake of the auxin analogue by the  tumor c e l l s .  It 
i s  probable t h a t  DMSO i s  a c t i n g  a s  a drug  adjuvant  i n  j u s t  t h i s  manner. 
Unexpectedly, however, we found t h a t  an  i n j e c t i o n  of 1 m l ,  pe r  20 grams of 
animal weight, of t h e  veh ic l e  ( i n  the propor t ions  descr ibed  above) has, by 
i t s e l f ,  an i n h i b i t o r y  e f f e c t  on the development of t h e  Ehr l ich  a s c i t e s  
carcinoma. The veh ic l e  w a s  in jec ted ,  i . p . ,  24 hours a f t e r  tumor implanat ion.  
A t  15 days, t h e  vehic le - in , jec ted  con t ro l  mice c a r r i e d  an  average of 2tl cc  of 
t he  tumor, compared t o  6+2 cc i n  the un in jec t ed  c o n t r o l s .  The mean weight of 
t he  veh ic l e  c o n t r o l  animals was 34.3+2 grams; t h e  un t r ea t ed  group weighed a n  
average of 42+2 grams. 
permeabi l i ty ,  i s  i n t e r f e r i n g  wi th  the r e g u l a r  metabolism of t h e  Ehr l i ch  c e l l s .  

It i s  poss ib le  t h a t  DMSO, by a f f e c t i n g  c e l l u l a r  

F igure  2. 
development of t he  Ehr l i ch  a s c i t e s  carcinoma i n  male Webster white  Swiss mice. 
The drug was i n j e c t e d  i n t r a p e r i t o n e a l l y ,  24 hours a f t e r  tumor implantat ion,  a s  
a suspension i n  1 cc of a veh ic l e  cons i s t ing  of 2 .5  percent  dimethylsulfoxide,  
5 pe rcen t  1, 2-propanediol,  and 1 percent  Tween 20 i n  d i s t i l l e d  water .  The 
photograph was taken 1-5 days a f t e r  tumor implanta t ion .  
r i g h t  have near-normal appearance.  Untreated mice a t  l e f t  a r e  swollen wi th  
f u l l y  developed a s c i t e s  tumor. 

E f f e c t  of a s i n g l e  0.5 mg/g dose of n-butyl  indoly l -3-ace ta te  on the  

Drug-treated mice a t  

ACUTE CYTOCIDAL EFFECTS AGAINST ~815 MAST CELL A S C I T E S  TUMOR 

We have s tud ied  t h e  acute  & v i v o  c y t o c i d a l  e f f e c t s  of methisazone and 
of some p l a n t  auxin analogues,  suspended i n  a veh ic l e  conta in ing  DMSO, a g a i n s t  
f r e e  c e l l s  o f  nine-day-old mast c e l l  Pa l5  tumor i n  male CDBA mice. A dose of 
0.5 mg/g, i n  1 ml of veh ic l e  p e r  20 grams of animal weight,  was i n j e c t e d  
i n t r a p e r i t o n e a l l y .  
p o s t - i n j e c t i o n  i s  given i n  Table 5. 

The tumor c e l l  m o r t a l i t y  i n  the  p e r i t o n e a l  c a v i t y  two hours 
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Table 5 .  Acute I n  Vivo Cytocidal  A c t i v i t y  of Some Auxin Analogues -- 
Against Free Cells of a Nine-Day-Old ~ 8 1 5  Mast C e l l  Asc i t e s  

Tumor i n  Male CDBA Mice 

Drug 

t -Butyl i ndo ly l -  3 -ace t a t  e 
(W(t) 1 

t -Bu ty l  2 ,4 ,5- t r ichloro-  
phenoxyacetate (2,4,5- 
TBu(t)) 

N-methyl i s a t i n  - p - 
t h i  osemi carba zone 
(Me t h i  s az  one ) 

*DMSO = D ime t hyls  ul f ox i d  e 
1,2-P = 1,2-Propanediol 

Vehicle* 

2.5 percent  DMSO, 5 percent  
1,2-P, I percen t  Tween-20, 
3 0  

2 .5  percent  DMSO, 5 percent  
1,2-P, 1 percent  Tween-20, 
H20 

5 percent  DMSO, I percen t  
Tween-20, H20 

Tumor C e l l  Mor ta l i t y  
a t  Two Hours 

( p e r c e n t )  

0 

42 

32 

FUTURE IN VIVO EXPERI"TATI0N - -  

The molecular s t r u c t u r e  of t h e  chains  of our auxin analogues w i l l  be 
altered i n  t h e  hope of improving t h e  rate of uptake of t h e  drug by t h e  tumor 
c e l l s  without  i nc reas ing  o v e r a l l  animal t o x i c i t y .  It i s  ev iden t  t o  u s  t h a t ,  
dur ing chemotherapy, tumorcidal concentrat ions of t h e s e  drugs are  no t  reaching 
tumor c e l l s  t h a t  have invaded t h e  peritoneum or have otherwise me tas t a s i zed  
from t h e  a s c i t e s  tumor implanted i n  t h e  p e r i t o n e a l  c a v i t y .  

111. RESULTS TO BE REPORTED 

We have new data on t h e  r a d i a t i o n - p r o t e c t i v e  e f f e c t s  of auxin analogues 
t h a t  we w i l l  present  i n  our next q u a r t e r l y  r e p o r t .  
considerable  progress i n  t h e  two-dimensional chromatography of i n d o l y l  
compounds ( inc lud ing  tryptophan and IAA) t h a t  a r e  endogenous t o  Some a s c i t e s  
tumors. 
chromatographs, we w i l l  p r e sen t  t h e s e  r e s u l t s  i n  a supplementary r e p o r t  we 
hope t o  i s s u e  p r i o r  t o  the next  q u a r t e r l y  p rogres s  r e p o r t .  

We have a l s o  made 

Because of t h e  n e c e s s i t y  of processing c o l o r  p , r in t s  of t h e  
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